Background: Substantial fluctuations in body weight can result in diastasis recti and weakening of the connections between the lateral abdominal muscles and the rectus sheath. Objectives: The authors sought to determine the postural and psychological effects of abdominoplasty with vertical rectus plication. Methods: Forty women with substantial back and lumbar pain owing to abdominal lipodystrophy were evaluated in a prospective study. Preoperatively and 6 months postoperatively, patients underwent bidirectional radiography of the thoracic and lumbar regions. A visual analog scale (VAS), the Beck Depression Inventory (BDI), and the Nottingham Health Profile (NHP) were applied to assess physical, psychological, and quality-of-life changes following surgery. Results: Significant improvements in posture, assessed in terms of lumbar lordosis, thoracic kyphosis, and the lumbosacral angle, were observed 6 months after abdominoplasty with rectus plication. Results of the VAS and BDI indicated significant improvements in pain and quality of life, respectively. Results of the NHP indicated significant postoperative improvements in fatigue, pain, and sleep. Conclusions: Abdominoplasty with rectus plication improves posture by tightening the thoracolumbar fascia. In selected patients, abdominoplasty can reduce back and lumbar pain, thereby improving quality of life.
Abdominoplasty has been found to relieve lumbar pain in selected patients with abdominal lipodystrophy. 4, 5 The aims of this study were to determine the effects of abdominoplasty with rectus plication on the lumbosacral angle and on the extents of thoracic kyphosis and lumbar lordosis. In addition, we sought to objectively evaluate the social and psychological effects of abdominoplasty in patients with abdominal lipodystrophy. We assessed the deformities of abdominal skin and subcutaneous tissue 6 as well as the properties of myoaponeurotic structue of the abdominal wall using Nahas classifications. 7 To our knowledge, this study is the first to address the effects of abdominoplasty on vertebral-column angles and on concomitant quality-of-life metrics.
METHODS

Study Design and Patient Selection
This prospective study was approved by the Ethics Committee of the School of Medicine of Gaziantep University (Gaziantep, Turkey). All procedures were performed in accordance with the ethical standards of the Institutional Research Committee and with the guidelines set forth in the Declaration of Helsinki. Prior to enrollment, each patient provided written informed consent.
Patients were evaluated preoperatively with regard to skin excess and laxity of the abdominal wall, the position of the umbilicus, 6 and the presence of abdominal surgical scars. Patients with neurologic or musculoskeletal diseases that could cause back and lumbar pain were excluded from the study. Also excluded were patients who had undergone spinal surgery to treat congenital kyphosis or trauma, as well as patients with obstructive or restrictive pulmonary diseases, systemic diseases, or abdominal surgical scars. Patients who were considered current smokers were excluded.
Patients who were generally in good health and who presented with excess abdominal skin, diastasis recti, and substantial muscular weakness of the anterior abdominal wall were invited to participate in the study.
Forty women who presented with back and lumbar pain that interfered with normal activities and who underwent abdominoplasty from January 2008 through December 2011 were evaluated in this prospective study. Patient demographics, including age, body mass index (BMI), number of previous pregnancies, and number of twin pregnancies, were recorded preoperatively.
All patients underwent bidirectional (anteroposterior and lateral) thoracic, lumbar, and lumbosacral radiography performed by a technician who was blinded to the study details. Prior to imaging, patients were asked to remove their shoes and to stand in a relaxed position. All radiographs were evaluated by the study investigators. The presence and severity of thoracic kyphosis and lumbar lordosis were ascertained by means of the Cobb technique. [8] [9] [10] Specifically, thoracic kyphosis was determined by measuring the angle between the inferior aspect of the first thoracic vertebra and the inferior aspect of the 12th thoracic vertebra. Lumbar lordosis was determined by measuring the angle between the lines passing through the superior aspect of the first lumbar vertebra and the superior aspect of the sacrum. The lumbosacral angle was defined as the angle between a line passing through the superior aspect of the sacrum and a horizontal line (Figures 1-4 ).
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Preoperative assessments of pain severity, quality of life, and depression severity were conducted by means of a visual analog scale (VAS), the Nottingham Health Profile (NHP), and the Beck Depression Inventory (BDI), respectively. The VAS ranged from 10 (indicating no pain) to 100 (indicating intolerable pain). The NHP included 38 questions pertaining to the following 6 categories: fatigue, pain, emotional reactions, Figure 1 . Angles of the vertebral column were measured preoperatively and 6 months after patients underwent abdominoplasty with rectus plication. (A) Thoracic kyphosis was determined by measuring the angle between the inferior aspect of the first thoracic vertebra and the inferior aspect of the 12th thoracic vertebra. (B) Lumbar lordosis was determined by measuring the angle made by lines passing through the superior aspect of the first lumbar vertebra and the superior aspect of the sacrum. (C) The lumbosacral angle was measured as the angle made by a line passing through the superior aspect of the sacrum with a horizontal line.
sleep, socialization, and physical abilities. The BDI comprised 21 questions to quantitatively evaluate depression severity. The same physical therapist performed all assessments. Blank copies of the BDI and NHP are available as Supplementary Material at www.aestheticsurgeryjournal.com.
Surgical Procedures
All patients underwent liposuction, total plication, and supraumbilical resection (ie, lipoabdominoplasty). 12, 13 Patients with weakness of the medial external oblique, as determined intraoperatively, also underwent L-shaped plication. All abdominoplasty procedures were performed with the patient under general anesthesia and positioned supine with the arms abducted 90 degrees. Antibiotic prophylaxis (second-generation cephalosporin) was administered intravenously 30 minutes before the initial incision.
For patients with a type 2 deformity of the abdominal wall, 6 a horizontal incision was made 2 cm superiorly from the suprapubic hairline. For patients with a type 3 deformity, the first incision was made from the suprapubic hairline laterally to the anterior superior iliac crest. The abdominal flap was elevated in the myoaponeurotic plane, and dissection proceeded laterally toward the border of the rectus to expose the medial part of the external oblique. The abdominal flap then was elevated to the umbilicus. The new umbilical hole was prepared by making an incision with a pyramidal base by means of a no. 15 scalpel blade. Abdominal flap dissection then continued to the bilateral subcostal margins superolaterally and the xiphoid medially. The conditions of the rectus, linea alba, and external oblique were evaluated intraoperatively, but its width was not measured and patients were classified with regard to aesthetic condition of the myoaponeurotic layer, as described previously. 7 Plication borders for diastasis recti were marked 3 cm from the linea alba bilaterally. Rectus plication was performed from the xiphoid to the umbilicus and from the umbilicus to the symphysis pubis in a continuous fashion with two loop 0 nylon sutures and a round-bodied needle. Following this initial plication, additional primary sutures were placed (absorbable vicryl, size 0). The tensions over the abdominal region and the external oblique were then evaluated. If needed, additional tension was achieved with L-shaped plication of the medial external oblique and anterior abdominal wall by means of nonabsorbable sutures, as described prevoiusly. 7 Following rectus plication, the patient was moved from the supine to the half-sitting position (30°-45°from horizontal), and tissue resection was conducted. For each patient, the mass of excised tissue was recorded. The new position of the umbilicus then was determined by approximating the abdominal flap on the midline of the suprapubic region, and temporary guide sutures were placed. The guide sutures then were removed, and the tissue around the newly prepared umbilical hole was thinned to produce an aesthetically pleasing cavity at the umbilicus. The umbilicus was adapted to the new hole with polypropylene sutures (size, 2-0) placed as 4 equally spaced stitches in a clockwise fashion around the umbilicus (ie, 3:00, 6:00, 9:00, 12:00). Suturing was performed from the base, to the umbilicus, to the abdominal flap. Adjacent deformities, such as those involving the flanks, were treated with liposuction, and dog-ear deformities were excised. Suction drains were placed routinely in all of the patients. After the operation, the patient was taken to the recovery room in the half-sitting position.
Postoperative Care
All patients received antibiotic prophylaxis until postoperative day 5. No patients received thromboembolic prophylaxis. Patients were encouraged to return to mobility at 8 hours postoperatively. Patients were advised to wear an abdominal corset for 1 month postoperatively and were allowed to resume exercise after 1 month. Patients received follow-up once per month. All imaging and assessments carried out preoperatively were repeated at 6 months postoperatively.
Statistical Analysis
SPSS Statistics for Windows (version 13.0, SPSS Inc, Chicago, IL) was applied for preoperative vs postoperative comparisons of vertebral-column angles (ie, thoracic kyphosis, lumbar lordosis, and the lumbosacral angle) and of scores on the VAS, NHP, and BDI. Pre-and postoperative numeric data were compared with the paired t test (for parametric statistics) or the Wilcoxon signed-rank test (for nonparametric statistics).
Relationships between continuous variables were assessed with Pearson's correlation coefficient. Relationships between categorical variables were evaluated with the chi-square test. The Kruskal-Wallis test was applied for between-group comparisons of patient age, number of previous births, and mass of excised tissue. Statistical significance was defined as P < .05.
RESULTS
The mean age of the patients was 43.8 years (standard deviation [SD], 4.7 years; range, 33-48 years). Patients were categorized by BMI: group 1, 18.5 to 24.9 kg/m 2 (normal weight); group 2, 25.0 to 29.9 kg/m 2 (overweight); group 3, 30.0 to 39.9 kg/m 2 (obese); and group 4, >40 kg/m 2 (severely obese). Four of the 40 patients (10%) were in group 1, 12 patients (30%) were in group 2, 21 patients (52.5%) were in group 3, and 3 patients (7.5%) were in group 4 ( Table 1 ). The 16 patients in groups 1 and 2 stated that they had undergone substantial weight loss (mean, 29 kg; range, 13-35 kg) from bariatric surgery (n=2) and/or a specific diet regimen (n=14). The patients who underwent bariatric surgery were considered eligible for abdominoplasty at ≥6 months postoperatively. Patients in the other groups stated that they had not undergone massive weight loss. No patient had undergone abdominoplasty previously.
Preoperatively, patients were categorized by abdominalwall deformity following an evaluation of the abdominal skin and subcutaneous tissue, as described by Nahas. 6 Of the 40 study patients, 35 were classified as having a type 3 abdominal-wall deformity (ie, severely excessive skin), whereas 5 patients were classified as having a type 2 deformity (ie, mild to moderate excess skin and a well-positioned umbilicus; Table 1 ). 6 The mean operating time was 2.23 hours (SD, 0.15 hours; range, 2.0-2.5 hours). The average follow-up period was 12 months (SD, 4 months; range, 8-18 months). The mean mass of resected tissue was 1748.9 g (SD, 594.1 g; range, 1000-4060 g). Based on preoperative signs and intraoperative findings regarding the myoaponeurotic layer, all patients in groups 1 and 2, 17 patients in group 3, and 1 patient in group 4 were classified as having a type A myoaponeurotic deformity (ie, diastasis recti associated with pregnancy). 7 These 34 patients underwent rectus plication only. Four patients in group 3 and 2 patients in group 4 were classified as having a type B deformity (ie, abdominalwall laxity). 7 These 6 patients underwent L-shaped plication of the aponeurosis of the external oblique in addition to rectus plication.
The patients were hospitalized for 2 to 4 days postoperatively. Drains were removed 4 or 5 days postoperatively. No patients experienced major complications. Wound infections occurred in 2 patients, which were managed by dressing changes. The wound infections did not require operative intervention. Two other patients experienced seroma formation. There were no instances of hematoma formation, wound dehiscence, thromboembolism, ileus, or respiratory difficulty. No patient experienced loss of sensitivity in the suprapubic region. Patients resumed daily activities approximately 15 days postoperatively.
Sixteen (40%) of the 40 patients had ≥4 previous pregnancies, and 6 of these patients had a twin pregnancy. Patients with a history of twin pregnancy stated that their back pain had begun during the last 3 months of pregnancy. Because the number of patients in groups 1 and 4 was insufficient to make a statistical comparison (4 patients and 3 patients, respectively), these patients were assessed as 1 group. There were no significant between-group differences in age, number of previous births, and mass of excised tissue (P ≥ .05 for all; Figure 5 ).
The findings of the VAS addressing severity of back and lumbar pain indicated that significant improvement occurred postoperatively (P < .001; Figure 6 , Tables 2 and 3) . Similarly, BDI scores indicated that depression was reduced significantly (P < .001; Figure 7 , Tables 2 and 4), and NHP findings indicated significant improvements in fatigue, pain, and sleep (P < .001; Table 2 ). These findings indicate that abdominoplasty with rectus plication improves quality of life for these patients, presumably owing to substantial reductions in back and lumbar pain.
Radiographs were obtained of each patient while standing still. These static representations of posture enabled precise measurement of the changes in vertebral-column angles that occurred after abdominoplasty with rectus plication. Such an assessment would not have been possible if the patients had been imaged while in motion. Significant improvements in thoracic kyphosis, lumbar lordosis, and the lumbosacral angle were observed postoperatively (P < .001; Table 5 , Figures 8-10 ).
DISCUSSION
Excessive weight fluctuations and pregnancy, especially multiple pregnancy, can result in diastasis recti and weakening of the connections between the lateral abdominal muscles and the rectus sheath. This weakening can lead to reductions in intra-abdominal pressure and in pressure over the vertebrae provided by the thoracolumbar fascia. Over time, the affected individual's center of gravity shifts anteriorly along the vertebral column, inducing the spinal extensor muscles to contract, increasing pressure on the intervertebral discs, and causing pain. 14 The rectus abdominus and its connections with other abdominal muscles, especially the external oblique, provide stability to the vertebral column. [15] [16] [17] [18] [19] [20] A strong anterior abdominal wall precludes contraction of the spinal muscles, thereby avoiding excess pressure on the intervertebral discs.
14 The results of several biomechanical studies [21] [22] [23] [24] have indicated that increased intra-abdominal pressure can augment stability of the spine. Wide rectus plication can improve chronic lumbar pain by accentuating lumbar lordosis and stabilizing the spine. 2, 5, 25, 26 All patients in this study underwent rectus plication. The outcomes of abdominoplasty with rectus plication included significant improvements in thoracic kyphosis, lumbar lordosis, and the lumbosacral angle (P < .001; Tables 2-5 ). In addition, patients experienced reduced back and lumbar pain. Parity (especially multiparity), obesity, weakness of the myoaponeurotic layer, and advanced age increase the likelihood of diastasis recti. The primary risk factor for diastasis recti is pregnancy, which typically produces fusiform diastasis along the linea alba. 7 Diastasis recti is more likely to develop in women who have given birth vaginally than in women who underwent cesarean birth. 27, 28 This difference may be attributable to excessive deformation of the rectus sheath. Sixteen of the 40 patients in the present study had ≥4 previous pregnancies, and 6 patients had 1 previous twin pregnancy. Structural features of the myoaponeurotic layer were consistent with parity in these patients. Of the 6 patients who had given birth ≥5 times, all required bilateral plication of the external oblique in addition to rectus plication. 7 We found that minimal overcorrection of the rectus was needed to revise the insertion of the external oblique and to effect biomechanical changes that resulted in augmented stability of the vertebrae and the anterior abdominal wall. The results of this study support the notion that rectus plication changes the angle of the vertebrae by applying increased pressure over the abdomen and increased tension over the thoracolumbar fascia. However, studies of muscle function are needed to validate these findings. We prefer static evaluations of vertebral angles because this is more objective than active motion. Also, previously published studies have used static evaluation method. 29 
Toranto
2 classified patients with lumbar pain into 3 groups: those with muscular spasm, those with herniation of the nucleus pulposus, and those with facet syndrome with or without nerve compression. For patients in any of these groups, Toranto 2 noted that abdominoplasty could be beneficial. In a separate report, Toranto 5 applied magnetic resonance imaging and observed that abdominoplasty with wide rectus plication produced an increase in the intervertebral distance. Moreover, this author found that the contractive power of the lateral abdominal muscles was increased with wide rectus plication, even in the absence of rehabilitative therapy. 5 However, increased venous pressure in the lower extremities developed in some patients as a complication of wide rectus plication. 5 In a study of 8 women with lumbar pain, Oneal et al 4 demonstrated that abdominoplasty with 90-degree rectus plication (ie, from the lateral edges of the rectus) resulted in long-term relief of pain. However, ileus developed in 1 patient in the early postoperative period, and 3 patients experienced respiratory difficulty. 4 These authors did not discuss the internal traction of the umbilicus and concomitant circulatory problems that could result from extensive rectus plication. 4 Patients provided only verbal descriptions of their lumbar pain (ie, pain levels were not scored on a standardized scale), and long-term radiographic findings of the spinal slope were not presented. 4 Thirty-four of the 40 patients in our study underwent plication of the rectus sheath 3 cm bilaterally from the linea alba, and 6 patients underwent additional plication of the external oblique. No complications, such as increased lower extremity venous pressure or venous thromboembolism, occurred in the present study. We suggest that complications owing to increased intra-abdominal pressure were avoided in our study because extensive rectus plication was avoided.
Rodrigues et al 30 did not find an increase in intraabdominal pressure following surgical correction of diastasis recti that entailed plication of the anterior rectus sheath. However, these authors evaluated 17 women who had a lower BMI and fewer previous pregnancies compared with our study group. In addition, several authors have found increased intra-abdominal pressure following repair of diastasis recti.
31,32 Although we did not assess intraabdominal pressure at 6 months postoperatively, othes have demonstrated that the outcomes of rectus plication remain robust at 3, 6, and 12 months postoperatively. 33 Nahas et al 34 and Tadiparthi et al 33 applied computed tomography and ultrasonography, respectively, to demonstrate the persistence of nonabsorbable sutures in patients who underwent rectus plication. Further studies are Thoracic kyphosis was determined by measuring the angle between the inferior aspect of the first thoracic vertebra and the inferior aspect of the 12th thoracic vertebra. warranted to evaluate the persistence of absorbable sutures vs nonabsorbable sutures. In an attempt to further improve the durability of abdominoplasty with rectus plication, we performed additional plication with an absorbable suture placed over the first nonabsorbable suture.
Bayramoglu et al 35 observed that obese patients with weak thoracic muscles frequently experienced chronic back and lumbar pain that could be ameliorated by strengthening the thoracic muscles. Despite a positive correlation between the mass of resected tissue and BMI, no significant correlation was found between the mass of resected tissue and the lumbosacral angle. Therefore, we suggest that increased intra-abdominal pressure following rectus plication is more essential to vertebral stabilization than is the mass of resected tissue (Table 1) . 36, 37 No patient in the present study underwent panniculectomy without rectus plication. Although we did not assess the effects of panniculectomy alone on vertebral-column angles, we speculate that panniculectomy without rectus plication would not alter the lumbosacral angle. Further study is warranted to address the possible effects on posture of panniculectomy alone.
In a study of 46 patients who underwent abdominoplasty and were evaluated with stabilometry and the Fastrak system, Mazzocchi et al 38 found favorable changes in posture and increased abdominal stabilization at 1 year postoperatively. These authors suggested that postural changes were due in part to psychological improvements in body image and self-confidence. 38 Their finidings are consistent with the results of the present study at 6 months postoperatively ( Figures 6-10 , Tables 2-5) .
Physical manifestations of abdominal lipodystrophy include maceration and dermatitis under the abdominal fold. Abdominal lipodystrophy also is associated with psychological and quality-of-life ramifications, such as limitations with daily physical activities, unfavorable body image, poor self-confidence, and avoidance of social activities. In the present study, it appeared that patients were mildly or moderately depressed preoperatively (BDI score [mean ±SD], 15.8±4.8), and minimally depressed after abdominoplasty with rectus plication (BDI score, 1.6±1.1; P < .001). A positive correlation was found between the pre-to postoperative decrease in BDI score and the vertebral-column angles that affect posture. The preoperative VAS score for pain was 83.3±10.0; which decreased significantly, to 17.0 ±7.2 (P < .001), after the surgery. Additionally, NHP findings indicated significant postoperative improvements in the health profiles of the patients in this study (P < .001). Similarly, Saariniemi et al 39 demonstrated improvements in quality of life and psychological distress following abdominoplasty.
In a study of 25 patients who underwent bariatric abdominoplasty, Grieco et al 40 found that seroma was the most common complication, affecting 9 patients (36%). Of the 40 patients in our study, seroma developed in 2 (5%). The wound-infection rate measured by Grieco et al 40 was 8% (2 of 25 patients), which is comparable to the wound-infection rate in the present study (5%, 2 of 40 patients).
The present study had several limitations. We compared vertebral-column angles measured from radiographs of patients in our study group with those of the general population because vertebral-column angles of a large, representative population (ie, multiparous women of similar age and BMI) were not available. Men were not included in the present study, and the BMIs of the 40 women enrolled were not distributed normally. In addition, we did not measure intraabdominal pressure during rectus plication, and we did not perform dynamic imaging of muscles after abdominoplasty. Finally, our study patients did not receive long-term follow-up. Further studies are warranted to evaluate longterm radiographic changes in vertebral-column angles.
CONCLUSIONS
Removal of excess abdominal tissue in conjunction with vertical rectus plication changes the body's center of gravity and decreases pressure over the posterior aspect of the intervertebral discs. Postoperatively, the lateral abdominal muscles function more efficiently, thereby increasing the intra-abdominal pressure and stabilizing the vertebral column. These physiologic changes contribute to the amelioration of back and lumbar pain. Abdominoplasty with rectus plication may be indicated as a non-implant-based surgical approach to treat women with abdominal lipodystrophy, especially multiparous women with substantial abdominal laxity. Our findings indicate significant improvements in posture and quality of life.
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